This paper investigates why and how founding entrepreneurs bond with their ventures. We develop and test theory about the nature of bonding in a functional magnetic resonance imaging (fMRI) study of 42 subjects (21 entrepreneurs and 21 parents). We find that entrepreneurs and parents show similar signs of affective bonding, that self-confidence plays a role in bonding style, and that the degree to which entrepreneurs include their ventures in the self and to which parents include their child in the self influences their ability to make critical assessments. Our findings suggest that bonding is similar for entrepreneurs and parents and that venture stimuli influence reward systems, self-regulatory functions, and mental factors that are associated with judgment.
Introduction
"Upper Street was our baby; our future. We put everything into it, mentally, physically and financially. It was particularly hard when the business fell off a cliff so quickly, when there was still so much potential" (Brown, 2016) .
"Jaava was our little baby. It was very hard to let go of its hand when it was taking its first steps. It's almost at the adolescent stage. Maybe we should start letting it walk a bit more on its own" (Shankland, 2002) .
Interviews and press statements support the assertion that founding entrepreneurs relate to their ventures as parents relate to their children: through a powerful bond. Prior research has suggested that the experience of bonding is enduring (Cardon et al., 2009; Murnieks et al., 2014) . Arguably, it is through this unwavering loyalty that bonding (essentially an entrepreneur's profound connection with the venture) can provide a valuable resource that helps entrepreneurs promote and protect their ventures. By developing strong bonds with their ventures, founding entrepreneurs become motivated to overcome environmental threats and challenges (Beal, 2000; McGee and Sawyerr, 2003; Baum and Locke, 2004) , putting themselves in a better position to improve venture creation outcomes, growth, and performance (Baron and Hannan, 2002; Cardon et al., 2005b) .
Despite scholars' and founding entrepreneurs' tendency to describe entrepreneurship using parent-child metaphors, few studies have examined entrepreneurial bonding, and we do not know whether the entrepreneur-to-venture bond actually resembles the parent-to-child bond. When focusing on bonding, prior research has largely theorized that entrepreneurial bonding is an important asset, affecting outcomes in the venture development and establishment stages (e.g., Cardon et al., 2005b) . The experience of bonding has almost been treated as exogenous. Moreover, limited scholarly attention has been paid to the origins of bonding, despite studies that have emphasized bonding as a key phenomenon in entrepreneurship (e.g., Cardon et al., 2005a; Cardon et al., 2005b) . Against this backdrop, we shed light on why and how founding entrepreneurs bond with their ventures.
Our approach was built on attachment theory, which has primarily been used to analyze the propensity of human beings to develop strong affective bonds with others close to them (Bowlby, 1969 (Bowlby, , 1977 . We extended this theory to consider the bond from founding entrepreneurs to their ventures. By drawing on insights from research on the affective influences of ownership (Nuttin, 1987; Belk, 1988; Pierce et al., 2001) , we argue that some of the essential tenets of attachment theory also apply to the context of founding entrepreneurs and ventures. Consistent with attachment theory (Bowlby, 1969; Ainsworth, 1979; Mikulincer et al., 2003) , entrepreneurial bonding is associated with positive and pleasurable feelings, different bonding styles, and individual differences in attachment intimacy.
From such a perspective, ownership evokes feelings of responsibility and stewardship toward the venture. These feelings manifest themselves in caregiving behaviors to protect the venture (Belk, 1988; Pierce et al., 2001; Townsend et al., 2009) . As suggested by attachment theory (Solomon and George, 1996; George and Solomon, 2008) , founding entrepreneurs, like parents, adopt a caregiving system that responds to the venture's needs and ensures the survival and healthy development of the venture. For the founding entrepreneur to make sacrifices on behalf of the venture, emotional rewards that resemble those in parent-child bonds should contribute to sustaining the bond from the entrepreneur to the venture.
However, although entrepreneurial bonding has typically been perceived and discussed in a favorable light (Bird, 1995; Baron and Hannan, 2002; Baum and Locke, 2004; Cardon et al., 2005b) , we also explore the likely existence of dysfunctional effects associated with it. There may be entrepreneurs with an anxious-ambivalent bonding style that renders them highly responsive to anxiety and stress because of their lack of confidence in their ability to manage tasks that involve uncertainty (Hayward et al., 2010; Cacciotti et al., 2016) . There may also be entrepreneurs who are unable to critically evaluate their venture because of their close relation to the venture and its importance to their sense of self (Cardon et al., 2005b) .
Our theory development and empirical analysis show that venture bonding is real and can be traced in entrepreneurs' brain regions. Because the essence of bonding can be studied by examining the neural correlates and neuropsychological pathways that shape behaviors and decisions (Russell, 2003; Rilling and Young, 2014; Nicolaou and Shane, 2014) , we conducted a functional magnetic resonance imaging (fMRI) study. This approach allowed us to capture entrepreneurs' brain responses to venture stimuli and parents' brain responses to child stimuli.
The advantage of fMRI is that it provides an objective measurement for understanding the way that different stimuli affect profound psychological functions such as brain reward systems and judgment. Developing such an understanding would prove difficult using traditional methods of social psychology and organizational research (Becker et al., 2011; de Holan, 2014; Krueger and Welpe, 2014; Waldman et al., 2016) . Prior research shows the existence of correlations between brain activation data and subjective self-reports and thus implies that bonding could potentially be studied using self-reports (e.g., Davidson and Irwin, 1999; Aron et al., 2005; Acevedo et al., 2012) . However, prominent work suggests that self-reported data fail to consider important influences, as they are unable to capture implicit, automatic processes in the brain (Nisbett and Wilson, 1977; Russell, 2003 Russell, , 2005 Camerer et al., 2005; Kahneman, 2011) . These processes operate at a below-consciousness level, yet still impact how we think, feel and behave. Neuroscience methods, on the other hand, do not suffer from such a shortcoming, as they enable direct measurement of thoughts and feelings.
By presenting this study, we make several contributions. First, we extend the use of attachment theory and demonstrate its capacity to enhance our understanding of the relationship between founding entrepreneurs and their ventures. We posit that the theory is most useful in the domain of entrepreneurship when complemented with insights from research on affective influences of ownership. For example, ownership contributes to bond formation by increasing the attractiveness of the venture and increasing its salience to founding entrepreneurs' self-identity (Kleine et al., 1995; Pierce et al., 2001; Townsend et al., 2009) . We examine the effect of ownership by comparing founding entrepreneurs' brain responses to stimuli associated with the entrepreneur's own venture and stimuli associated with a known venture.
Several of our observations contribute to attachment theory (Bowlby, 1969 (Bowlby, , 1980 Lopez and Gormley, 2002; Mikulincer et al., 2003) and highlight similarities between entrepreneurial and parental bonding. First, activation of the reward system in the brain as well as suppression in regions related to negative emotions shows that founding entrepreneurs and parents exhibit similar neural signs of affective bonding. Second, activation in the brain regions related to anxiety and fear shows that self-confidence in one's judgment or decisions is likewise similar. Finally, suppression of brain activation in regions related to social and moral judgment shows that relationship intimacy is associated with the entrepreneur's perception of the venture, just as with the parent's perception of the child.
The strong similarities in the neural responses associated with parental and entrepreneurial bonding indicate that founding entrepreneurs can be viewed as caregivers to their businesses. Emotional rewards justify entrepreneurs' efforts and sacrifices on behalf of ventures, just as these rewards justify parents' efforts on behalf of children. Furthermore, the nature of bonding helps explain why decisions about the venture are taken and why anxieties are experienced. By considering the motivational effects of bonding and individual differences in bonding styles, we provide implications for educators, encouraging them to raise awareness about similarities between entrepreneurship and parenting. 1 Second, we show that bonding could have negative effects. Parents or entrepreneurs with an anxious-ambivalent bonding style experience anxiety and fear caused by their lack of confidence in their decisions. Parents or entrepreneurs with strong bonds to their children or ventures may also be incapable of critical assessment, leading to unrealistic expectations. Because bonding determines how the brain is affected by entrepreneurs' judgment, and because of similarities in how entrepreneurs' and parents' caregiving systems work, we contribute by showing the relevance of discussions about overprotecting children or ventures.
Third, we demonstrate the importance of using fMRI and alternative methods to study entrepreneurship. We show that both child and venture stimuli are associated with activation in the brain's reward system and in regions that relate to judgment and assessment. Although these brain regions are fundamental, it is difficult for an individual to know whether and when they are affected (Russell, 2003; Becker et al., 2011; Waldman et al., 2016) . Though entrepreneurs themselves do not know when these regions are affected, and others (e.g., venture capitalists) cannot detect when this occurs, we can assume that strong influences arise when entrepreneurs are exposed to venture stimuli and that these influences affect important decisions and actions in the present and future.
Literature background and theory

The entrepreneur-to-venture bond
Entrepreneurship studies have widely acknowledged that venture ownership is associated with formal control rights that enable decision-making rights, access to information, financial returns, and, most importantly, the right to decide how the venture's tangible and intangible assets are used (Hart, 1995; Rousseau and Shperling, 2003; Alvarez and Parker, 2009 ). In young ventures, ownership is typically still in the hands of the founding entrepreneurs, who make countless venture-related decisions on a daily basis (Baron, 2010; Vanacker and Manigart, 2010) . However, venture ownership also determines the nature of the founding entrepreneur's bond with the venture. As a target of ownership, a venture embodies the founding entrepreneur's creations, ideas, goals, unique knowledge, work, invested efforts, and life experiences, all of which are expressive of and salient to the entrepreneur's representation of the self (Belk, 1988; Kleine et al., 1995; Townsend et al., 2009) . Besides formal control of the venture, ownership of a venture is associated with the founding entrepreneur's sense of self and a high degree of motivation to act on behalf of the venture (Pierce et al., 2001; Townsend et al., 2009) . Hence, ventures are important to founding entrepreneurs' sense of self (Pierce et al., 2001) , just as children are important to parents' sense of self (Aron et al., 1991 (Aron et al., , 1992 Ashforth et al., 2016) .
We show that many of the mechanisms that explain how founding entrepreneurs bond with their ventures manifest themselves similarly in the parent-child relationship. We first introduce attachment theory. We then examine some of its tenets: parent's/ entrepreneur's caregiving behavior, emotional rewards, bonding styles, and judgments related to the children/venture. This discussion provides the background for the hypotheses we develop in the following sections.
Introduction to attachment theory
Attachment theory proposes that human beings are born with the capacity to develop caregiving behaviors designed to protect others in need (Bowlby, 1969; Collins and Ford, 2010) . Dependability and accountability are at the core of this theory. The parent-tochild bond is an affective tie from parent to child. It stems from the caregiving system, and its goal is to protect the child (Bowlby, 1969; George and Solomon, 2008) . Likewise, the entrepreneur-to-venture bond is an affective tie from the entrepreneur to the venture. The parent-to-child bond forms during the early stages of an infant's life (Bowlby, 1969) , whereas the entrepreneur-to-venture bond forms when an idea for a new business is conceived (Cardon et al., 2005b) . As such, in this study bonding reflects the involvement and emotional bonds that parents/entrepreneurs have with their children/ventures (Haapasalo et al., 2012) . Bonding with a child relates to a set of altruistic needs, including knowing the child, being with the child, avoiding separation and loss from the child, protecting the child, and gratifying the needs of the child (de Cock et al., 2017) . Bonding with a venture likewise relates to altruistic needs involving sacrifices on behalf of the venture despite uncertain payoffs, which are often potentially far off in the future (Cardon et al., 2005b) .
Entrepreneurs have a caregiving system
The parent-child attachment relationship is based on a caregiving system (Bowlby, 1969; Ainsworth, 1979; Collins and Ford, 2010; Cassidy, 2000) , which is activated when a child is in need of care or protection (Bretherton, 1985; Mikulincer et al., 2003) . The parent's sensitivity and responsiveness to the child's needs contribute to the development of a well-functioning bond that fosters the healthy development of the child (Bowlby, 1969; Lamb et al., 1985) . Parental bonding is necessary to promote survival. Parents bond with their children by investing time, energy, and resources (Trivers, 1972) to secure the best outcomes for their children (Buss, 1988) .
Prior research postulates that people take better care of and strive to maintain and nurture what they own, as well as protecting and improving the object of ownership (Belk, 1988; Pierce et al., 2001; Avey et al., 2009) . For founding entrepreneurs, venture ownership creates a feeling of responsibility that involves stewardship and personal sacrifice on behalf of the venture in a bid to sustain the entrepreneur-venture bond (Pierce et al., 2001; Van Dyne and Pierce, 2004) . Founding entrepreneurs have a caregiving system that mirrors that of parents and children (Bowlby, 1969; Ainsworth, 1979; George and Solomon, 2008) . Thus, an entrepreneur takes responsive action to ensure the healthy development and survival of his or her venture (Wiltbank et al., 2006; Chandler et al., 2011) . The entrepreneur acts upon important venture signals such as poor financial performance, which in turn informs the entrepreneur that the current modus operandi is inappropriate or that he or she may need to change the business model or product (Boeker and Goodstein, 1991; Delmar and Shane, 2004; Loch et al., 2008) . Hence, entrepreneurs' bonding efforts are necessary to respond to the needs of the venture.
Entrepreneurial investments in the bonding process encompass social, financial, and human capital as well as time and energy. These investments help ventures overcome challenges (Bates, 1990; Townsend et al., 2009 ). These efforts are warranted to gather the necessary resources and overcome the challenges that are inherent to the liability of newness (Freeman et al., 1983; Gimeno et al., 1997; Kor and Misangyi, 2008; Wiklund et al., 2010) .
Entrepreneurial bonding is emotionally rewarding
Parents experience intense feelings of pleasure and satisfaction when they are able to protect and comfort their children (Solomon and George, 1996; George and Solomon, 2008) . The sacrifices they make for their children are rationalized by these emotional rewards (Eibach and Mock, 2011; Ashton-James et al., 2013) , which help sustain the parent-child bond (Bretherton, 1992 ). Bonding with a child is an uplifting experience, providing a sense of meaning that can assuage feelings of sadness, worry, and depression (Bretherton, 1992; Nelson et al., 2014) .
Prior research indicates that a target of ownership must be attractive to the owner to enhance satisfaction (Nuttin, 1987; Belk, 1988; Pierce et al., 2001) . Two antecedents, control over the target object and invested efforts, increase the emotional rewards derived from ownership (Nuttin, 1987; Van Dyne and Pierce, 2004) , causing the target object to become a positive expression of the self that contributes to self-enhancement and provides a sense of purpose (Belk, 1988; Van Dyne and Pierce, 2004) . Consistent with these antecedents of the attractiveness of one's own objects, founding entrepreneurs control their ventures through the legal/residual rights of ownership (Baron, 2010; Vanacker and Manigart, 2010) and, as highlighted earlier, typically make substantial efforts to ensure their survival and healthy development (Cardon et al., 2005b; Townsend et al., 2009; Cardon et al., 2009 ). Thus, for entrepreneurs, a venture is a highly attractive target object. Their bonding efforts increase their satisfaction, which keeps them motivated to make sacrifices on behalf of the venture, in order to preserve the bond.
Entrepreneurs have different bonding styles
Attachment theory identifies individual differences in bonding style. These differences influence the nature and quality of the parent-child relationship (Ainsworth, 1979) . A distinction is made between secure and insecure bonding styles (Hazan and Shaver, 1994; Collins and Ford, 2010) . Individuals that have a secure style are self-reliant, confident in their abilities, and able to cope with problems (Bowlby, 1988; Lopez and Gormley, 2002) . In contrast, individuals with an anxious-ambivalent bonding style, which represents an insecure bonding style, express more self-related doubts and have difficulties in managing their fears and anxieties (McFarlin and Blascovich, 1981; Lopez and Gormley, 2002; Crocker and Park, 2004) . The adaptive coping strategies of individuals with a secure style are positively associated with decision-making self-efficacy, which makes it easier for such individuals to navigate uncertain situations (Wolfe and Betz, 2004; Vignoli et al., 2005) . For parents with an anxious-ambivalent bonding style, parenthood involves more stressful situations and fearful experiences than for parents with a secure bonding style (Bartholomew and Shaver, 1998; Mikulincer et al., 2003; Crocker and Park, 2004) .
Like parents, founding entrepreneurs can have either secure or insecure bonding styles. As a target of ownership, a venture is part of a founding entrepreneur's identity, thereby reflecting an extension of the self. Accordingly, the venture's failure may severely reduce the entrepreneur's self-worth, causing the entrepreneur to experience shame and embarrassment (Mitchell and Shepherd, 2010; Cacciotti and Hayton, 2015; Cacciotti et al., 2016) . In this respect, the confidence that the founding entrepreneur has in his or her ability to make correct decisions throughout the entrepreneurial process influences the bonding style with the venture. Founding entrepreneurs that have low self-confidence in their decisions adopt an anxious-ambivalent bonding style, which entails fearful and anxious reactions to uncertain circumstances. Conversely, self-confident entrepreneurs are less affected by such circumstances because they are less likely to acknowledge that this uncertainty exists (Busenitz and Barney, 1997; Forbes, 2005; Hayward et al., 2010) . This approach is characteristic of a more secure bonding style.
Intimacy may influence judgment
A cognitive consequence of a close relationship between two people is that each person includes the other's characteristics and needs in his or her own self-concept (Aron et al., 1991; Mikulincer et al., 2003) . Parents who are closer to their children tend to feel a greater sense of responsibility for their children's well-being and tend to be more motivated to provide help when needed (Aron et al., 1991; Collins and Feeney, 2000) . Thus, intimacy, which influences a parent's inclusion of the child in the self, provides an effective proxy of the strength of the affective bond. Although intimacy may motivate a parent's bonding efforts, it may potentially impair the parent's judgment of the child, causing the parent to overlook the child's faults (Bartels and Zeki, 2004; Zeki, 2007) .
The objects that we own become a part of the self as our knowledge of them grows (Belk, 1988) . The better a person's knowledge of an object, the more intimate that person's bond with that object will be (Nuttin, 1987; Belk, 1988; Pierce et al., 2001) . Accordingly, the relationship between a founding entrepreneur and his or her own venture should be considerably stronger than any relationship with known ventures or brands.
Intense, regular involvement with their ventures implies that founding entrepreneurs have insider knowledge about many aspects of the business such as technology and business procedures (Pierce et al., 2001; Cardon et al., 2005b; Townsend et al., 2009 ). Thus, for founding entrepreneurs, intimacy with their own ventures influences the extent to which they internalize their ventures in their sense of self (Belk, 1988; Pierce et al., 2001) . Although intimacy may increase the perceived attractiveness of a venture (Nuttin, 1987; Beggan and Brown, 1994) , it may positively bias founding entrepreneurs' judgments about its qualities (Troye and Supphellen, 2012; Atakan et al., 2014) .
In the following section, we develop hypotheses based on the tenets of attachment theory. These hypotheses were tested using fMRI data.
Hypothesis development
This section has three parts. First, we hypothesize that, like parental bonding, entrepreneurial bonding is associated with emotional rewards that rationalize bonding efforts. We suggest that founding entrepreneurs experience strong emotions toward their own ventures that are analogous to the bond a parent feels toward his or her own child. Next, we predict that self-confidence influences how entrepreneurship and parenthood are experienced. Founding entrepreneurs with an anxious-ambivalent bonding style lack confidence in their ability to cope with uncertainty. We expect this lack of confidence to manifest itself in the form of anxious, fear of failure responses to venture stimuli. Finally, we hypothesize that the extent to which entrepreneurs/parents include their ventures/ children in the self influences their ability to critically assess their ventures/children.
Neural signs of affective bonding in entrepreneurship and parenting
Parental and entrepreneurial bonding reflects altruistic and sacrificial behavior that manifests itself as a willingness on the part of parents/entrepreneurs to put the needs of their children/ventures ahead of their own (Beyers and Reber, 1998; Cardon et al., 2005b) . Parents find it rewarding when their children successfully progress through childhood into adulthood (Trivers, 1972; Schaller et al., 2010; Nelson et al., 2014) . Many parents justify the high investments associated with raising children by rating the time spent with children as more enjoyable than time spent on other activities (Gilbert, 2006; Eibach and Mock, 2011; Ashton-James et al., 2013) .
As suggested earlier, for founding entrepreneurs, ownership of a venture is associated with stewardship and feelings of responsibility (Pierce et al., 2001; Van Dyne and Pierce, 2004) . In addition to the opportunity for an entrepreneur to exercise control over the venture through legal ownership rights, the bonding efforts that help bring a venture to fruition contribute to the perceived attractiveness of the venture (Belk, 1988; Bird, 1989; Pierce et al., 2001) . Hence, similar to parents, entrepreneurs' protective and supportive measures to ensure the survival of their venture can be satisfying. These emotional rewards rationalize the efforts that are expended on the child/venture and help sustain the bond (Cardon et al., 2005a; Cardon et al., 2005b; Cardon et al., 2009 ). Consequently, parents'/entrepreneurs' own well-being improves when these efforts enhance the well-being of the children/ventures (Brockner et al., 2004; Shepherd and Haynie, 2009a; Ashton-James et al., 2013; Nelson et al., 2014) .
Even as parental and entrepreneurial bonding is driven by a conscious or unconscious pursuit of emotional rewards, it can also lead to the suppression of aversive emotions. Given the altruistic quality of bonding efforts, parents'/entrepreneurs' well-being may also improve through the relief of feelings such as sadness, anxiety, disgust, and depression. Caring for a child/venture often gives people a sense of purpose (Brockner et al., 2004; Shepherd and Haynie, 2009a; Nelson et al., 2013 Nelson et al., , 2014 Meier et al., 2016) and may therefore be motivated by a desire to alleviate one's own sadness and distress (Gross, 1998) . Thus, as suggested earlier, the efforts of an entrepreneur to nurture his or her own venture, which is often salient to the entrepreneur's self-identity, can help the venture become a positive expression of the self, enhancing life satisfaction (Belk, 1988; Van Dyne and Pierce, 2004) .
We have argued that a parent's/entrepreneur's affective bond with the child/venture develops through activities and efforts that induce emotional rewards and suppress negative emotions. Given our conjectures, we expect that when parents/entrepreneurs view a picture of their own child/venture and think about their experiences with the child/venture, the reward system of the brain will be activated, and neural regions associated with the processing of negative emotions will be deactivated. Activation implies that activity in neural regions is stronger when the parent/entrepreneur sees images of his or her own child/venture than when the parent/ entrepreneur sees images of a known child/venture. Deactivation implies that activity in the neural regions is stronger when the parent/entrepreneur sees images of a known child/venture than when the parent/entrepreneur sees images of his or her own child/ venture.
If the first prediction holds, activation will be detected in the striatum, a brain area that comprises three subregions-the nucleus accumbens, caudate nucleus, and putamen-associated with mammalian rewards (Bartels and Zeki, 2004; Aron et al., 2005; Zeki, 2007; Acevedo et al., 2012) . If the latter prediction holds, deactivation will be detected in the insula, which is activated by a wide range of subjective negative emotional experiences such as sadness (Liotti et al., 2000; Farb et al., 2010) , anxiety (Liotti et al., 2000; Paulus and Stein, 2006) , disgust (Lane et al., 1997; Wicker et al., 2003) , depression (Wiebking et al., 2010; Mutschler et al., 2012) , and pain (Mutschler et al., 2012; Strigo et al., 2013) . We expect to observe the following: Hypothesis 1. Parents and entrepreneurs will exhibit similar signs of affective bonding. Stimuli of a parent's own child or an entrepreneur's own venture will elicit stronger activation in the reward-related brain regions and weaker activation in the brain regions that are related to negative affect than stimuli of a known child or venture.
Bonding styles and regulation of anxiety and fear
As mentioned earlier, parents and entrepreneurs have different bonding styles that influence their cognitive appraisals of emotional objects and situations (Lazarus, 1991; Hazan and Shaver, 1994; Collins and Ford, 2010) . People with an anxious-ambivalent bonding style have self-related doubts and react anxiously to stressful events (Bartholomew and Shaver, 1998; Mikulincer et al., 2003) . In contrast, people with a secure bonding style are self-reliant, confident in their ability to cope with new situations, and have low levels of anxiety and vulnerability in stressful situations (Bowlby, 1988; Lopez and Gormley, 2002) .
For parents and entrepreneurs, self-confidence is an important psychological resource for regulating anxiety and coping with stressful and uncertain situations (Carver et al., 1989; Scheier and Carver, 2003; Hanton et al., 2004) . Parents who are confident in their decisions are able to cope better with uncertainties such as child illnesses or perceived threats (Maltby et al., 2003; George and Solomon, 2008; Meyer and Pilkonis, 2005) . Therefore, their confidence in their ability to deal with uncertainty is indicative of their bonding style and experience of parenthood. For unconfident parents, the bonding style is anxious-ambivalent because situations that are perceived as stressful and fearful occur more frequently (Bartholomew and Shaver, 1998; Mikulincer et al., 2003; Crocker and Park, 2004) . Conversely, for highly confident parents, who exhibit a secure bonding style, parenthood is a more harmonious emotional experience that is characterized by less frequent and less intense reactions of anxiety and fear (Bartholomew and Shaver, 1998; Mikulincer et al., 2003; Brumariu and Kerns, 2010) .
As discussed earlier, for founding entrepreneurs, their own ventures tend to represent an extension of their sense of self (Cardon et al., 2005b; Townsend et al., 2009 ). Accordingly, a venture's failure may have severe consequences on the perception of the self, undermining the entrepreneur's self-esteem and well-being (Singh et al., 2007; Shepherd et al., 2009 ) by evoking feelings of shame and embarrassment (Conroy et al., 2003; Mitchell and Shepherd, 2011; Cacciotti et al., 2016) . Mirroring the situation for parents and children, the confidence that entrepreneurs have in their ability to make correct decisions when faced with uncertainty influences their bonding style and thereby the way that they experience entrepreneurship (Busenitz and Barney, 1997; Hayward et al., 2010) .
Because uncertainty is associated with tasks and activities in the domain of new ventures, the difficulty that anxious-ambivalent entrepreneurs face in coping with uncertainty makes them susceptible to anxiety because of their fear of failure, loss, and disappointment (Sarasvathy, 2001; Read et al., 2009; Crandall et al., 2015) . Entrepreneurs with a secure bonding style are in contrast less likely to acknowledge that such uncertainty exists, which makes them less prone to experience anxiety (Busenitz and Barney, 1997; Forbes, 2005; Hayward et al., 2010) . As Hayward et al. (2010, p. 572) note, "greater confidence can increase one's feelings of safety and security."
Given this background, we anticipate that entrepreneurs/parents with low self-confidence will react more anxiously or fearfully to stimuli and recollections of events that are retrieved from long-term memory regarding their own ventures/children. For our conjectures to hold, parents'/entrepreneurs' self-confidence should be negatively associated with activation in the amygdala, which is the brain region that mediates anxiety and fear (Davis, 1992; Janak and Tye, 2015) . We expect to observe the following:
Hypothesis 2. Parents' and entrepreneurs' self-confidence is associated with their bonding style. The higher a subject's selfconfidence, the weaker the activation in brain regions related to anxiety and fear.
Intimacy of bonding and critical assessment
As mentioned earlier, founding entrepreneurs or parents tend to include their own ventures/children in their self-identity (Aron et al., 1991 (Aron et al., , 1992 Cardon et al., 2005b; Townsend et al., 2009) . Intimacy (or closeness) with the venture/child influences the extent to which the venture/child is included in the entrepreneur's/parent's sense of self (Aron et al., 1991 (Aron et al., , 1992 Smith et al., 1999) . For parents, this strengthens the affective bond because in intimate relationships, they internalize the child's needs and desires (Aron et al., 1991 (Aron et al., , 1992 Mikulincer et al., 2003) . Similarly, intimacy in the relationship between an entrepreneur and his or her venture commonly strengthens the entrepreneur's affective bond with the venture. When intimacy is substantial, founding entrepreneurs have extensive inside knowledge about many aspects of the business (Pierce et al., 2001; Cardon et al., 2005b; Townsend et al., 2009 ). This intimate knowledge helps them internalize their ventures' needs such that these needs become part of the entrepreneur's sense of self (Ashforth and Mael, 1989; Ashforth et al., 2016) . Accordingly, particularly in intimate relationships, parents/entrepreneurs put extra effort into nurturing their children/ventures as if they were doing so to meet their own needs. Although intimacy develops a deep connection of identity with the child/venture (Cardon et al., 2005b) , which gives the parent/entrepreneur a sense of responsibility and a strong incentive to invest in the relationship (Aron et al., 1991 (Aron et al., , 1992 (Aron et al., , 2013 Collins and Feeney, 2000) , intimacy may also lead to some less commonly acknowledged negative effects.
Two organizational behavior studies have highlighted a dark side to the strong inclusion of one's work in the self. These studies have shown that while strong organizational identification motivates employees to work hard, it may compromise their well-being by causing stress and workaholism (Avanzi et al., 2012) and may result in an inability to question the ethicality of the organization's behavior and practices (Dukerich et al., 1998) .
By building on the parent-child attachment research, we suggest that intimacy between parent and child or between an entrepreneur and a venture makes parents and entrepreneurs less prone to engage in critical assessment (Bartels and Zeki, 2004; Zeki, 2007; Song et al., 2015; Halko et al., 2017) . The strong bond might render parents/entrepreneurs blind to faults in their children/ ventures because they may have an overly idealized image of them (Cardon et al., 2005b) . Because the mental images of the self and this close other (i.e., child or venture) overlap, the suppression of critical assessment may also indicate a lack of self-criticism by the parent/entrepreneur.
For our conjectures to hold, intimacy-reflected by the inclusion of the child/venture in the parent's/entrepreneur's self (see Aron et al., 1991 Aron et al., , 1992 Aron et al., , 2013 )-should be associated with brain activation in regions that relate to social and moral judgment. The temporo-parietal junction (TPJ) region has been shown to reflect the ability to understand others' emotions and intentions (Van Overwalle, 2009; McMullen et al., 2014) . It has also been shown to be associated with evaluations of fairness, morality, and empathy toward others (Cropanzano et al., 2017) . Because of the TPJ's aforementioned role in social and moral judgment, suppressed activity within the TPJ suggests a reduced ability to assess others' social trustworthiness (Saxe and Kanwisher, 2003; Young et al., 2007; Young et al., 2010a; Koster-Hale et al., 2013; Cropanzano et al., 2017) . Thus, we anticipate that intimacy, which is represented by the degree of inclusion of a child/venture in the parent's/entrepreneur's self and which is indicative of the strength of the parent-to-child or entrepreneur-to-venture bond, is negatively associated with activation in the TPJ when parents/entrepreneurs are exposed to stimuli of their children/venture and think about experiences with them ( Fig. 1) .
We formalize this prediction as follows:
Hypothesis 3. The degree to which a parent includes his or her child in the self and the degree to which an entrepreneur includes his or her venture in the self will influence the parent's or entrepreneur's ability to make critical assessments. The higher a subject's score on the Inclusion of Other in the Self (IOS) scale, the weaker the activation in brain regions related to social and moral judgment.
Methods
Sample
The sample comprised 42 subjects (21 entrepreneurs and 21 parents). Our group size (N = 21) was similar to the group sizes in previous fMRI studies of parental attachment (e.g., Bartels and Zeki, 2004; Abraham et al., 2014) . In fMRI studies sample sizes tend to be small as there are typically copious amounts of data gathered from each subject (Huettel et al., 2014) .
We recruited the entrepreneurs by disseminating information about the research project to members of the Finnish Federation of Entrepreneurs, which represents > 115,000 entrepreneurial ventures of all sizes (https://www.yrittajat.fi/en). These members received an email in which we indicated that subjects should be founders of ventures and should be involved in their ventures' business operations. We included a sign-up link in the email. We verified compliance with the two criteria before inviting interested individuals to participate.
On the recruitment webpage, we asked the entrepreneurs to list the age of their ventures and estimate their ventures' probable annual growth in the next three years. In this study, we focused on ventures that were younger than 12 years old and entrepreneurs who expected the annual growth of their ventures to exceed 20% in the three years following the experiment. By using growth intention and venture age as selection criteria, we targeted entrepreneurs who are most likely to have placed their ventures' needs ahead of their own and therein have experience with venture bonding.
In total, 71 entrepreneurs volunteered for our study. We invited 21 to participate. We welcomed female entrepreneurs in our study, but very few eligible women volunteered. Of the 21 female entrepreneurs who volunteered, only five (23.8%) met the selection criteria. Of the 50 male entrepreneurs who volunteered, 27 (54%) met these criteria. We therefore ended up studying only male entrepreneurs and fathers. We constructed our interpretations and conclusions with this limitation in mind, although recent studies comparing mothering and fathering have found a similar neural basis and synchronous brain activation for both groups (Abraham et al., 2014) .
To recruit fathers, we posted advertisements in the City of Helsinki's daycare centers, with the city's permission. As in the case of the entrepreneurs, interested individuals signed up online. On the webpage, we requested the age of the child/children. To ensure that the fathers were involved in the daily life and caregiving activities of their child/children, we also asked them to estimate how much time per day they spent with their child/children. Mirroring the selection process for entrepreneurs, we selected fathers with children who were < 12 years old. We excluded fathers who had limited involvement with their children (< 3 h a day). In total, 160 fathers volunteered for the study, of which 111 (69.4%) met the first two selection criteria.
Our primary goal was not to study how age or education affects entrepreneurs'/parents' bonds with ventures/children, so we homogenized the groups with respect to age and education (Table 1 ). We also ensured that the average age of the entrepreneurs and the average length of their education did not significantly differ from those of parents, and homogenized the groups in terms of the length of the subjects' relationships with the venture/child. On average, the parents' experience in parenting was as long as the entrepreneurs' experience in entrepreneurship. Table 1 presents the results of two-sided t-tests comparing the averages for the two groups with respect to the three measures. Table 2 shows the characteristics of the ventures with respect to industry, turnover, and number of employees. The biggest Fig. 1 . Lateral and medial view of the brain and the locations of the brain areas that are pertinent to Hypotheses 1, 2, and 3. The insular cortex is folded deep within the lateral sulcus. industry was "consultancy services," which accounted for 28.6% of the ventures. The vast majority of ventures still had turnovers of less than €1 M. The ventures were also small in terms of personnel: Most had fewer than six employees.
Task
In accordance with previous fMRI studies, our experiment consisted of two separate sessions (Bartels and Zeki, 2004; Aron et al., 2005; Acevedo et al., 2012) . The first session was arranged before the fMRI experiments. In this session, the entrepreneurs were asked to select and send us two to four pictures related to their own venture and another known to them. Each picture fell into one of four categories: the venture's logo, the venture's product or service, key personnel, and the business idea. To avoid possible negative reactions to a known venture, the entrepreneurs were asked not to choose pictures of direct competitors. Fathers were asked to send pictures of their own children and of another known child (Bartels and Zeki, 2004; Swain, 2008 Swain, , 2011 .
During the first session, the subjects also completed questionnaires: the 40-item Affect Intensity Measure (AIM) questionnaire (Larsen, 1984) , a confidence measure (Fischhoff et al., 1977) , and a questionnaire on socioeconomic and entrepreneurship/parenthood background. We asked subjects to evaluate several impressions: their sense of closeness/intimacy with their child/venture using the Inclusion of Other in the Self (IOS) scale (Aron et al., 1992) , love (Aron and Westbay, 1996; Sternberg, 1997 ), the chances of success of their child/venture compared to other children of the same age or ventures in the same industry, and the frequency with which they place the needs of their child/venture ahead of their own needs. The purpose of the last four questions was to collect behavioral data on entrepreneurs' attachment to their ventures and parents' attachment to their children.
The three most relevant measures for testing our hypotheses were the AIM, the IOS scale, and confidence scores. As explained later, the confidence and IOS scores for the two groups were correlated with the brain regions of interest (amygdala and TPJ). The AIM was used as a control in the analysis. Because significant differences between the groups were found for AIM but not for the other behavioral measures (IOS, love, success beliefs, and own needs versus others' needs), only the AIM was used as a control in our study. Descriptive statistics and t-statistics for all behavioral measures are reported in Table S1 of the Supplementary Figures and Tables.  The 40 items of the AIM describe emotional reactions to typical life situations. Example items include "When I am excited over something, I want to share my feelings with everyone" and "When I do something wrong, I have strong feelings of shame and guilt." Subjects rated whether they react to these situations as described on a scale from 1 to 6 (1 = Never, 3 = Sometimes, and 6 = Always). The final AIM score was the average of the results.
The IOS scale is a graphical measure that consists of seven pairs of differently overlapping circles ( Fig. S1, Supplementary Figures  and Tables) . Fathers/entrepreneurs were asked to circle the alternative that best described their relationship with their child/ventures. The IOS scale has been widely used to measure individuals' sense of closeness/intimacy, interconnectedness, and identification with others (e.g., Aron and McLaughlin-Volpe, 2001; Ashforth et al., 2016) . The IOS score is higher when the selected circles have a higher degree of overlap.
We measured subjects' confidence using a judgment task. Subjects received seven general knowledge statements and were then asked to choose between two mutually exclusive answers. Subjects also had to evaluate their confidence that the answer was correct on a scale ranging from 50% (I am not at all sure) to 100% (I am completely sure). The final confidence score was defined as the difference between the mean confidence score and the mean proportion of correct answers.
In the fMRI experiment (second session), we used a task that has been used in several neuroimaging studies of parental and romantic attachment (e.g., see Bartels and Zeki, 2004; Swain, 2011) . From the pictures supplied, we selected two pictures of the subject's own venture/child and two pictures of the known venture/child. The two pictures of the entrepreneur's own venture and the two pictures of the known venture were selected from the same subject category (e.g., logos of the entrepreneurs' own and a known venture). The vast majority of the pictures selected depicted either the venture's logo or the venture's product or service. Only 20% of the pictures included people, and only 5% included team members.
During the fMRI session, the entrepreneurs were shown the two pictures of their own venture and the two pictures of the other known venture in alternating order on a dark background. The fathers were likewise shown pictures of their own child and a known child. The pictures were presented for 30 s at a time, and each was repeated six times. To reduce possible carry-over effects, the subjects performed a count-back task for 30 s between pictures (Aron et al., 2005; Acevedo et al., 2012) . They were shown a four-digit number on the screen, such as 8421, and they were asked to count back from the number in decrements of seven as long as the number remained on the screen. The total duration of the task was approximately 13 min. Fig. 2 illustrates the fMRI trial structure. 
Experimental procedure
All subjects were studied individually. The first session was conducted by one member of the research team in a meeting room at Aalto University. After welcoming the subject and explaining the structure of the study, the member of the research team gave general introductions, and the subject signed an informed consent form. After the subject had completed the questionnaire privately, a second session was scheduled. As a reward, subjects received one movie ticket, the value of which was approximately €10. The first session lasted approximately 30 min.
The second session was conducted by three of the six members of the research team at the Aalto NeuroImaging Centre (http://ani. aalto.fi/en/ami_centre/). After welcoming the subject and explaining the course of the study, the members of the research team again gave a general introduction. The subjects were instructed to focus on the pictures they would see on the screen and think about things and events related to these pictures. The fMRI safety instructions were reviewed with the subject, and the subject signed an informed consent form. When the subject was lying inside the scanner, visual stimuli were back-projected on a semitransparent screen and, from there, via a mirror to the subject.
fMRI data analysis
The trial structure did not differ between the two groups. Therefore, we were able to pool the data for the two groups when analyzing the difference between brain activation in response to a picture of the subject's own venture/child and a picture of a known venture/child. The data gathered from our experiments were also used in Halko et al. (2017) . In that study, the data were analyzed separately for founding entrepreneurs and fathers. In our study, each of the fMRI analyses at the whole-group level were unique. Through performing analysis at this level we were able to statistically test for similarities and differences between groups. In this instance, we compared the neural signs of bonding between entrepreneurs/parents and venture/child.
The fMRI data analysis had two levels. At the single-subject (within-subject) level, the fMRI data were analyzed using the general linear model (GLM). 2 Our model included one independent variable for pictures of the parent's/entrepreneur's own child/venture and , 2015) . The voxel, a three-dimensional volume element, is the basic sampling unit in MRI. In this study, the voxel size was 3 × 3 × 3 mm. Before applying the general linear model and as a standard procedure, our hypothesized model-that is, the time course for predictors (independent variables)-was convolved with a canonical hemodynamic response function that models the basic brain response to a stimulus. This enabled us to compare BOLD signals received in our model. In accordance with the GLM approach, the model was fitted for each voxel to obtain the parameter values/beta estimates that explain how much each independent variable contributes to the BOLD signal strength at each voxel. The GLM model can be expressed as the following function: y = Xb + e. In the aggregated GLM model represented by the function, y is the fMRI data, X is a time course that reflects a matrix containing the predictor time courses (independent variables) as column vectors, b denotes the beta values for the predictor time courses that suggest the extent to which the stimuli influence the BOLD signals and hence contribute to neural activation, and e is a vector of residuals (error values) in the prediction. The independent variables represent the modeled time course of the stimulus-here, the two types of pictures: pictures of one's own child/venture and a known child/venture. Our model included one independent variable for pictures of one's own child/venture and another independent variable for pictures of a known child/venture. In the experiment, we used a block design-that is, the trials were arranged to alternate between the experimental conditions (pictures of one's own child/venture or a known child/venture) and the control conditions (no pictures), as shown in Fig. 2 . The two types of image blocks were modeled using boxcar functions. In accordance with our experimental design, a boxcar function (time course) received a value of 1 when, for example, a picture of one's own child/venture was presented to the subject and 0 otherwise (see, e.g., Friston et al., 2007;  T. Lahti et al.
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another independent variable for pictures of a known child/venture. The model was fitted for each voxel to obtain the parameter values (β) for all independent variables (i.e., for one's own and known pictures, β own and β known , respectively). The parameter values represent how much each independent variable contributes to the overall data. After fitting the model for each subject and for each voxel independently, we defined the effect of interest for each subject with a contrast vector. For example, with a contrast vector [1-1], researchers can study which brain regions respond more to pictures of one's own child/venture than to pictures of a known child/venture (i.e., in which regions β own > β known ) (Hypothesis 1). The contrast vector produces a contrast image containing the contrast of the parameter estimates (e.g., β own − β known ) for the single-subject-level model at each voxel. These contrast images form the data for the group-level analysis.
The second-level analysis was used to study activations at the group (between-subject) level. For example, for Hypothesis 1, the analysis gave us all brain regions where β own − β known was significantly positive at the group level. To account for the possible confounding effect of group differences in affect intensity, our simple second-level model also included an individual-level covariate (the AIM score). Thus, we tested the significance of α in the following regression model:
where y is the vector of contrast values, α is the constant, β is the coefficient of x, and x is the vector of AIM scores. At the second level, one-sample or two-sample t-tests were used as statistical methods. Compared to a "standard" behavioral data analysis, the firstlevel analysis offered an extra step to model the brain response of one subject.
To compare the groups, we used region of interest (ROI) analysis, where statistical tests are performed on a certain predetermined area of the brain. The ROIs were defined based on our analysis or based on the anatomy of the human brain. For each "analysisbased" ROI, we located a sphere-shaped volume (two voxel radius or 6 mm) around the peak activation (obtained from the secondlevel analysis) and extracted mean parameter values (betas) from each region. 3 For the amygdala, we used the bilateral amygdala ROI, with coordinates from Abraham et al. (2014) , and the anatomical ROI (i.e., the ROI included the entire anatomically defined amygdala). Lastly, we assessed associations (Pearson correlation) between ROI activation and subjects' individual IOS and confidence scores.
Results
This section has four subsections. The first subsection introduces the behavioral results related to the bonding of subjects with their own child or venture. The second subsection presents the results for the test of Hypothesis 1, which predicts that parents and entrepreneurs exhibit similar neural signs of affective bonding when exposed to child and venture stimuli, respectively. The third section presents the results for the test of Hypothesis 2, which predicts that the self-confidence of parents and entrepreneurs is associated with their bonding style. The fourth subsection presents the results for the test of Hypothesis 3, which predicts that intimacy, in terms of the extent to which the entrepreneur/parent includes the venture/child in the self, is associated with suppressed activation in neural regions that are responsible for critical assessment.
Behavioral signs of affective bonding in entrepreneurship and parenting
According to the behavioral results, affective bonds from founding entrepreneurs toward their ventures are strikingly similar to affective bonds from parents toward their children (see Fig. 3 and Table S1 of the Supplementary Figures and Tables) . Entrepreneurs rated their relationship with their venture to be as close or interconnected as fathers rated their relationship with their child (IOS score, two-sided t-test, p = 0.13). Fathers scored slightly lower than entrepreneurs on the amount of love, in terms of the average measure that was derived from the values of the three love components. However, the difference between groups was not significant (two-sided t-test, p = 0.45). Entrepreneurs rated their venture and fathers rated their child significantly better than average in terms of chances of success. There were no significant differences between the groups (two-sided t-test, p = 0.26). Both entrepreneurs and fathers reported that they placed the needs of their venture/child ahead of their own needs more frequently than "often" (two-sided ttest, p = 0.26).
Neural signs of affective bonding in entrepreneurship and parenting
As predicted by Hypothesis 1, the brain regions that were activated when entrepreneurs were exposed to stimuli related to their own ventures vs. stimuli related to a known venture are similar to the brain regions that were activated when fathers were exposed to stimuli related to their own children vs. stimuli related to a known child. Fig. 4A shows the brain areas that were more active when the subjects viewed pictures of their own venture/child than when they viewed pictures of another known venture/child (contrast own > known). 4 The cluster that was identified is the striatum, which is the reward system of the brain. Specifically, the identified (footnote continued) Huettel et al., 2014) . To improve the statistical sensitivity, the single-subject model also included vectors of six motion (head motion) parameters as covariates of no interest-that is, covariates associated with known sources of variability.
3 ROIs were defined, and mean parameter values across voxels in the ROIs were calculated for each subject and each ROI using the MarsBaR software package (Brett et al., 2002;  http://marsbar.sourceforge.net). 4 In the whole-brain analysis, statistical maps were created using the thresholds p < 0.005 (uncorrected) at the voxel level and p < 0.05 (with family-wise error region is the caudate nucleus, which is one of the three regions that form the striatum. The two other regions that make up the striatum are the nucleus accumbens and the putamen. Activation in the caudate nucleus is associated with a variety of rewards, including food and drink (Kelley, 2004) and money (Knutson et al., 2001) . Similarly, expectations of rewards have been found to trigger caudate nucleus activation (Onoda et al., 2011) . Prior research into parental bonding has also identified activity in the caudate nucleus (e.g., Bartels and Zeki, 2004; Zeki, 2007) .
To compare the groups, we calculated the mean parameter values across voxels around the activation peaks. Fig. 4B shows the average parameter values (betas) from the left and the right caudate nucleus. 5 The significant positive parameter values indicate that the area in question was more strongly activated during the own venture/child trials than during the known venture/child trials. There were no significant differences in beta values between fathers and entrepreneurs (two-sided t-tests: left caudate, p = 0.41; right caudate, p = 0. 55). Fig. 3 . Behavioral signs of affective bonding. Means and 95% confidence intervals for the behavioral measures. The IOS score (max value = 7) measured subjects' sense of closeness/intimacy and interconnectedness with the child/venture. Love score (max value = 5) was the average of three components of love: emotional bond, passion, and commitment. The love score characterized subjects' affective relationship with the child/venture. Success beliefs (max value = 5) measured the beliefs of subjects about their child's/venture's chances of success. Needs (max value = 5) measured how often subjects place the needs of their child/venture ahead of their own needs. Fig. 4 . Neural signs of affective bonding. Panel A. Brain regions that were more strongly activated by pictures of subjects' own child/venture than by pictures of a known child/venture (contrast own > known). The distance (in mm) of a section from the origin of the stereotaxic space (anterior commissure) is displayed below the slice. All displayed activations have survived a statistical threshold of p < 0.05 corrected for multiple comparisons. Panel B. Mean parameter values and 95% confidence intervals for the left and right caudate nucleus. All means were significantly larger than zero for a level of significance of at least 5% (one-sided t-tests).
(footnote continued) correction) at the cluster level, unless otherwise stated. The locations of supra-threshold clusters are reported in MNI coordinates (the Montreal Neurological Institute and Hospital). 5 Betas were calculated from 6 mm radius spheres, centers at −20 12 22 (left caudate) and 22 14 24 (right caudate). Fig. 5 shows that the opposite test of known venture/child versus own venture/child (contrast known > own) revealed a significant deactivation in the bilateral insula. This brain region is associated with negative emotional experiences such as sadness (Liotti et al., 2000; Farb et al., 2010) , anxiety (Liotti et al., 2000; Paulus and Stein, 2006) , disgust (Lane et al., 1997; Wicker et al., 2003) , depression (Wiebking et al., 2010; Mutschler et al., 2012) , and pain (Mutschler et al., 2012; Strigo et al., 2013) . As mentioned earlier, a situation where a brain region is activated significantly more by stimuli of a known venture/child than by stimuli of one's own venture/child is referred to as deactivation. Our results support Hypothesis 1, which predicts that stimuli associated with one's own child/venture suppress neural regions associated with processing negative emotions.
To compare the groups, we again calculated the mean parameter values across voxels around the activation peaks in the left and right insula. Fig. 5B shows the average parameter values (betas) for the left and right insula. 6 The significant negative parameter values indicate that the area in question was more strongly activated during the known venture/child trials than during the trials with material from their own venture/child. There were no significant differences in the beta values between fathers and entrepreneurs (two-sided t-tests: left insula, p = 0.63; right insula, p = 0.28).
Entrepreneurs'/parents' affective bonds with ventures/children are reflected by activation in neural regions of the brain related to rewards or pleasure and suppression in regions associated with negative affect. These results support Hypothesis 1, which predicts that when exposed to child/venture stimuli, parents and entrepreneurs exhibit similar signs of affective bonding.
Bonding styles and regulation of anxiety and fear
Consistent with Hypothesis 2, our results suggest that different parents/entrepreneurs have different bonding styles. Parents/ entrepreneurs with low self-confidence show signs of an anxious-ambivalent bonding style reflected by strong activations in the amygdala region, which is known to mediate anxiety and fear. The amygdala is a key component of the human parental brain that heightens parental vigilance and anxiety for a child's safety (Feldman, 2015) . While amygdala activation has been associated particularly with primary caregiving mothers (Toscano et al., 2009; Kim et al., 2010) , recent studies have localized activation in fathers (Abraham et al., 2014) and have suggested that this activation may relate to their self-confidence (Halko et al., 2017) .
Here, we show that amygdala activation is more generally associated with subjects' confidence. In pooled data, the correlation between brain activation around the activation peak localized in Abraham et al. (2014) and subjects' confidence scores was strong and highly significant ( Fig. 6 ; r = −0.49, p = 0.001). When we extracted the data from a larger area (i.e., the bilateral anatomically defined amygdala), we also detected a significant negative correlation between subjects' confidence scores and the average betas for the bilateral amygdala (pairwise correlation: r = −0.31, p = 0.047). Our results support Hypothesis 2, which posits that the selfconfidence of parents and entrepreneurs is associated with their bonding style because this self-confidence is negatively associated with activation in brain regions that are related to anxiety and fear.
Intimacy of bonding and critical assessment
As predicted by Hypothesis 3, intimacy, in terms of the entrepreneur's/father's inclusion of the venture/child in the self, was associated with a suppression in brain regions associated with social and moral judgment. As explained earlier, the TPJ region is Brain regions that were more strongly activated by pictures of a known child/venture than by pictures of subjects' own child/venture (contrast known > own). The distance (in mm) of a section from the origin of the stereotaxic space (anterior commissure) is displayed below the slice. All displayed activations have survived a statistical threshold of p < 0.05 corrected for multiple comparisons. Panel B. Mean parameter values and 95% confidence intervals for the left and right insula. All means were significantly smaller than zero at a level of significance of at least 5% (one-sided t-tests).
activated when individuals make social and moral judgments (Saxe and Kanwisher, 2003; Young et al., 2010a; Young and Saxe, 2011; Koster-Hale et al., 2013) . To test Hypothesis 3, we used IOS scores as an additional individual-level covariate in the second-level analysis. Fig. 6 . Bonding styles and regulation of anxiety and fear. Pairwise correlation between left and right amygdala activation and subjects' confidence scores. Fig. 7 . Intimacy of bonding and critical assessment. Panel A. Brain areas where activation (own-known contrast) was associated with subjects' individual IOS scores. The distance (in mm) of a section from the origin of the stereotaxic space (anterior commissure) is displayed below the slices. All displayed activations have survived a statistical threshold of p < 0.05 corrected for multiple comparisons. Panels B and C. Pairwise correlations between left and right TPJ activation and subjects' IOS scores. Fig. 7 shows that, for the pooled data, a significant negative correlation was detected between subjects' IOS scores and the average betas for the bilateral TPJ. 7 Fig. 7B -C show the negative correlations between the IOS scores and the left and right TPJ (pairwise correlations: left TPJ, r = −0.40, p = 0.01; right TPJ, r = −0.45, p = 0.003). The results reveal that for entrepreneurs and fathers with high IOS scores, the image of their ventures/children tended to elicit lower activation in the bilateral TPJ than the image of a known venture/child. These results support Hypothesis 3, which suggests that intimacy, in terms of the extent to which an entrepreneur/parent includes a venture/child in the self, is associated with suppression in neural regions that are responsible for critical assessment.
Discussion
Our goal was to investigate why and how founding entrepreneurs bond with their ventures. We suggested that venture ownership is essential for the formation of an affective bond from the founding entrepreneur toward the venture. Ownership helps the venture become an extension of the entrepreneur's self and heightens the entrepreneur's sense of responsibility for the venture, which encourages the entrepreneur to make sacrifices on the venture's behalf (Pierce et al., 2001; Cardon et al., 2005b; Townsend et al., 2009 ). These effects of ownership strengthen the parallels between entrepreneurship and parenting. Building on tenets from attachment theory, we argue that, like parents, founding entrepreneurs have a caregiving system, obtain emotional rewards by making sacrifices for their ventures, exhibit different bonding styles, and have varying degrees of intimacy with their ventures (Bowlby, 1969; Mikulincer et al., 2003; George and Solomon, 2008) .
We gathered behavioral data from founding entrepreneurs and parents to examine the behavioral signs of bonding. The behavioral results support the assertion that entrepreneurial bonding is akin to parental bonding. No significant differences were observed between the groups in terms of the tendency to place the venture's/child's needs ahead of one's own needs, the perceived love for the venture/child, beliefs regarding the success of the venture/child, and the inclusion of the venture/child in the self.
We used fMRI to examine the neural underpinnings of affective bonds and the extent to which entrepreneurs' bonding with ventures activates the same brain regions as parents' bonding with children. Specifically, we developed and tested three hypotheses regarding entrepreneurs'/parents' brain activations to venture/child stimuli. These hypotheses provide insights into three areas: the potential of parent-to-child bonding and entrepreneur-to-venture bonding to activate positive or rewarding emotions and deactivate negative feelings; the negative and potentially dysfunctional aspects of bonding such as impairing judgment; and the way that selfconfidence is associated with brain areas that enable different bonding styles in parenting and venturing.
The significant activation of entrepreneurs' reward systems, specifically in the caudate nucleus, implies that entrepreneurial bonding offers emotional rewards (Bartels and Zeki, 2004; Atzil et al., 2012) . Entrepreneurial bonding, encompassing caregiving activities, appears to elicit pleasurable and satisfying emotions. Given these emotional rewards, the well-being of entrepreneurs appears to increase when their bonding efforts help ensure the survival of their ventures (Eibach and Mock, 2011; Nelson et al., 2014) . Further, the significant deactivation in the entrepreneurs' insula region shows that entrepreneurship also suppresses negative emotions (Liotti et al., 2000; Farb et al., 2010; Strigo et al., 2013) . Our results help explain the strong entrepreneur-to-venture bond and provide an explanation for the entrepreneur's unwavering commitment to the venture in the face of considerable obstacles and impediments (Cardon et al., 2005b; Cardon et al., 2009) .
Our results show that the entrepreneur's intimacy with the venture, reflected by the inclusion of the venture in the self, is negatively associated with activity in the TPJ. Consistent with prior research, suppression in this neural region indicates an impaired ability to critically assess the venture (Saxe and Kanwisher, 2003; Young et al., 2010a) . In relationships where the bonds are extremely strong, the affection that the entrepreneur has for his or her venture may lead to an overly optimistic view of the venture. This view makes the entrepreneur prone to ignore the venture's faults (Cardon et al., 2005b; Swami et al., 2009; Fletcher and Kerr, 2010) .
The possible consequences of these results are twofold. First, viewing the venture in a very positive light contributes to strengthening the entrepreneur's bond with and commitment to the venture. Sacrifices on behalf of one's own venture seem worthwhile because the venture's qualities, reflecting future expectations are assessed favorably. Because these ventures are salient to the entrepreneurs' mental representation of the self, the experienced identity connection may make the entrepreneur less inclined to develop negative beliefs about the venture because its qualities are seen to mirror the entrepreneur's own qualities (Aron et al., 1991 (Aron et al., , 1992 . Strong identification with the venture may generate trust (Rousseau et al., 1998; Hsu et al., 2007; Sundaramurthy, 2008) and thereby contribute to the impairment of critical assessment.
Additionally, given the overlap in the mental representation of the self and the venture, results may indicate a lack of self-criticism by these entrepreneurs. Second, disappointment may arise if an entrepreneur's inability to critically assess the venture results in unrealistic expectations (Cardon et al., 2005b) . Disappointments may have adverse effects on the entrepreneur's well-being because of the venture's importance to the entrepreneur's sense of self. Perceived failures might have harsh effects on perceived self-worth. Thus, we predict situations where intense positive, sometimes euphoric, emotions may shift to feelings of grief and sadness.
Our results also suggest that the entrepreneur's relationship with the venture can be understood in terms of psychological characteristics that lay the foundations for the bonding style. Stronger activation of the amygdala shows that entrepreneurs with lower self-confidence react with greater anxiety and fear when exposed to stimuli of their own ventures and when prompted to think about experiences with their ventures. An anxious-ambivalent bonding style may slow the entrepreneurial process if concerns over 7 Left TPJ: peak at −46 −48 42, cluster size = 551, Z max = 3.65; right TPJ: peak at 40 −50 34, cluster size 379, Z max = 3.51. venture survival and the corresponding effects on the self prevent these less confident individuals from engaging in risky activities (Cacciotti and Hayton, 2015; Cacciotti et al., 2016) . Conversely, highly confident entrepreneurs with a secure bonding style may be overly aggressive in their entrepreneurial actions because of lower anxiety about their ventures Shepherd, 2010, 2011) .
Implications
Our study has important implications, which indicate that we can learn a great deal from examining entrepreneurial bonding. Studies of entrepreneurial cognition, particularly decision making, have demonstrated that entrepreneurs engage in risky actions because of cognitive biases such as over-optimism (Hmieleski and Baron, 2009; Ucbasaran et al., 2010) , over-confidence (Busenitz and Barney, 1997; Hayward et al., 2006) , and illusion of control (Simon et al., 2000; Keh et al., 2002) . Prior research indicates that the beliefs and decisions of entrepreneurs are distorted by wishful thinking that clouds their judgment and makes them prone to errors. Our findings support this stream of research on a neural level by showing how the interplay between three neural regions may shed light on the biological mechanisms associated with cognitive bias.
As previously suggested, caudate nucleus activation and insula deactivation provide a motivational drive that is essential for forming affective bonds with a venture. In an analogy to parents with children, entrepreneurs allocate resources to their ventures to increase their venture's chances of survival and positive development (Trivers, 1972; Wright, 1994; Cassar and Friedman, 2009 ). Unlike parents, however, entrepreneurs would be well advised to terminate their bond with their ventures if they risk investing more than they can afford, which would have severe consequences in the case of failure (Sarasvathy, 2001; Dew et al., 2009 ). Based on our results, this risk is particularly pronounced when entrepreneurs include their venture in their sense of self. As mentioned earlier, the suppression of activity in the TPJ can indicate an entrepreneur's inability to accurately assess the qualities of the venture.
Our study's findings appear to provide neuropsychological support for other potential implications that result from a high degree of inclusion of the venture in the self. Because the extent to which a venture is internalized in the entrepreneur's self appears to explain the entrepreneur's tendency to overlook the venture's faults when making judgments, our results support previous discussions suggesting that entrepreneurs may struggle to maintain a healthy work-life balance. When the mental representations of the entrepreneur and the venture overlap, the venture may have a disproportionately large place in the individual's identity and daily life (Forest et al., 2011; Murnieks et al., 2014) . Accordingly, our results suggest that educators in entrepreneurship programs should highlight the risks of becoming overly absorbed in one's work and should stress the importance of having a broad set of priorities in life. Hence, our study provides fresh empirical evidence of the potential negative effects of high inclusion of work in the self by demonstrating that doing so not only results in workaholism and stress (Avanzi et al., 2012 : Ashforth et al., 2016 but also impairs the ability to exercise social and moral judgment.
Recently, entrepreneurship research has shifted its focus from examining fear of failure as an individual trait to examining fear and anxiety as emotional episodes in the entrepreneurial process (Cacciotti and Hayton, 2015; Cacciotti et al., 2016) . Our results contribute to the latter stream of research by indicating that the bonding style of less self-confident entrepreneurs reflects more anxious reactions to events in the entrepreneurial process.
Based on our findings, task-related self-confidence in entrepreneurs can be considered a double-edged sword. Entrepreneurs with high self-confidence appear to be more capable of regulating anxiety and stress. This ability has positive consequences for their wellbeing and mental health. In contrast, entrepreneurs with an anxious-ambivalent bonding style are more likely to suffer from panic attacks, causing frustration (Singh et al., 2007; Cacciotti et al., 2016) . Accordingly, self-confidence is an important psychological resource for managing fears and anxieties (Carver et al., 1989; Hanton et al., 2004; Crocker and Park, 2004) . However, an entrepreneur's affective bond to the venture is characterized by emotional rewards and the suppression of negative emotions, motivating the entrepreneur to carry out activities on behalf of the venture. Anxious responses to events in the entrepreneurial process that are caused by moderate or low self-confidence may help entrepreneurs avoid rushing into poor decisions. Hence, concerns about the consequences for the self, as reflected by anxious reactions, can be beneficial as long as the reactions are not extreme or unwarranted.
To conclude, we recommend that entrepreneurship education should raise awareness about similarities between entrepreneurship and parenting. Our study reveals major advantages and disadvantages of entrepreneurial bonding that reflect those of parental bonding. For example, emphasis should be placed on addressing the motivational effects, cognitive biases, and potential consequences for well-being that we report herein. Furthermore, like parents, entrepreneurs appear to adopt different working models that influence perceived anxiety and fear during the entrepreneurial process.
Pros and cons of the neuroscience method
The neuroscience method offers a more objective measurement of affective bonding than traditional methods in entrepreneurship research, such as surveys and interviews (Waldman et al., 2016) . Surveys and interviews are unable to capture implicit, automatic processes in the brain that lie beyond our consciousness yet influence how we feel, think, and behave (Becker and Menges, 2013; de Holan, 2014) . Individuals have very little or no introspective access to these processes, nor do they have volitional control over them (Krueger and Welpe, 2014) .
Therefore, respondents' self-reports may fail to provide an accurate and complete account of the emotions and thoughts that are associated with a child/venture. The neuroscience methods of fMRI, positron emission tomography (PET), and electroencephalography (EEG) provide techniques to capture implicit influences. Of these neuroscience methods, fMRI has the greatest accuracy in locating specific areas of the brain. Neural activity is detected by mapping the regions where changes in cerebral blood flow occur (Massaro, 2015 . The fMRI technique provides the most effective method for tracing implicit processes in response to stimuli (Becker and Menges, 2013; . It is thus the most precise and advanced tool for understanding how stimuli affect profound psychological functions such as brain reward systems and judgment.
A second related advantage of the neuroscience method is that it allows researchers to obtain more truthful data. Not only may the quality of self-reported data suffer from cognitive limitations, but also biases in reporting may occur because of respondents' intentions to hide or mask emotions (Russell, 2003; Waldman et al., 2016) . In fMRI experiments, respondents cannot lie or fake emotions. Therefore, subjects' brain responses from viewing pictures and recalling experiences provide valid data on the subjects' emotional states.
However, fMRI studies also have certain drawbacks. First, sample sizes tend to be smaller than in studies using empirical or experimental methods. However, it is important to keep in mind that the basic sample unit in an fMRI study is a voxel, a small, threedimensional brain volume element (here 3 × 3 × 3 mm), and that fMRI data are collected as voxel-wise time series (Huettel et al., 2014) . Our single subject fMRI data contains approximately 150,000 time series, each including 345 data points. In fMRI studies, overly large sample sizes can become problematic if they overpower hypothesis tests, implying that unimportant, trivial findings obtain statistical significance (Quinlan, 2013; Nord et al., 2017) . Our sample group size (N = 21) corresponds to the sample group sizes in previous fMRI studies of parental attachment (e.g., Bartels and Zeki, 2004; Abraham et al., 2014) .
Second, many fMRI studies apply "reverse inference" (Poldrack, 2006; McMullen et al., 2014; Plassmann et al., 2015; . Reverse inference means that scholars reason backwards from an observed brain activation to a specific mental process. This is problematic because activation in a certain brain area can be associated with many different mental processes. For example, activation in the TPJ is associated with both ascribing moral beliefs to others and higher-order cognitive functions such as direction or reorientation of attention (Young et al., 2007; Young et al., 2010b; Mars et al., 2011) . We took four measures to mitigate this potential problem.
First, we relied largely on previous research into attachment relationships at the start, to determine the design, experiment task, and variables of our study (e.g., Bartels and Zeki, 2004; Swain, 2011) . Our results and interpretations of the results are consistent with prior studies that have used similar research designs and tasks (e.g., Bartels and Zeki, 2000; Song et al., 2015) , particularly those described by Bartels and Zeki (2004) . Second, our study was guided by theory. We extrapolated from theoretical arguments in similar existing studies on parental bonding (Waldman et al., 2016) . Third, our interpretations of the results are supported by meta-analysis of earlier studies, which strengthens their validity (e.g., striatum and emotional rewards in Buhle et al., 2014;  insula and negative emotions in Peyron et al., 2000, and Murphy et al., 2003; amygdala and fear in Murphy et al., 2003; TPJ and social judgment in Van Overwalle, 2009; and morality in Bzdok et al., 2012) . Finally, we combined fMRI data with behavioral data to use the strengths of both methods when drawing conclusions about founding entrepreneurs and parents.
Limitations and future research
Like all studies, the present study has limitations. The first limitation is that all the parents and entrepreneurs in our sample were men. Although we drew on the parental and entrepreneurial bonding literature, our inferences are primarily about male entrepreneurs' bonds with ventures based on paternal bonds with children. As discussed later in this section, future research should address this limitation by studying a sample of both men and women.
While we argue here that entrepreneurial and parental bonding have many similarities, we also acknowledge their differences. For example, entrepreneurs can, and sometimes should, terminate bonds with their ventures to avoid over-investing in a venture that is destined to fail. Abandoning a child, however, is typically not an option or an ethically justifiable action, even when the parent is not satisfied with the child's development.
Moreover, the relationship between a parent and a child is one-sided when the child is a baby. A parent responds to the baby's needs by scanning for cues related to the environment or the baby's distress (Bretherton, 1985; Solomon and George, 1996; Meyer and Pilkonis, 2005) . This relationship strongly resembles the relationship between an entrepreneur and a venture. However, the relationship between a parent and a child becomes increasingly reciprocal as the child matures. In contrast, the relationship between an entrepreneur and a venture remains one-sided. Consequently, although parental bonding is a good proxy for entrepreneurial bonding, a notable difference between the two is that parental bonding involves an attachment process in which the child forms an emotional bond with the parent, signifying mutual commitment.
A further difference between the two forms of bonding relates to the rewards from the activities of parenting and venturing. A parent's rewards from nurturing and supporting a child are primarily altruistic and intrinsic. In contrast, for entrepreneurs, these types of rewards are complemented by monetary/financial rewards. This is a pioneering study because it advances entrepreneurship research using neuroscientific methods. There is therefore plenty of scope for future research. First, because all parents and entrepreneurs in this study were men, future research should study a sample of both men and women. A gender comparison may show meaningful differences between men and women entrepreneurs. Such a study could examine the extent to which parents/entrepreneurs engage in caregiving versus play and the influence of this balance on their emotional experience, as reflected in the neural underpinnings of their affective bond. Fathers tend to have somewhat higher involvement in play than mothers, whereas mothers have somewhat higher involvement in caregiving than fathers (Lamb, 1977; Lamb et al., 1985; Bretherton, 1985; Roggman, 2004) . Similarly, the theory suggests that women entrepreneurs may be more prone to ensuring the safety and survival of their ventures than men are. In contrast, male entrepreneurs may focus more on playful activities involving exploration, learning, and other venture-development capabilities.
Entrepreneur-venture play might be linked to growth seeking, whereas caregiving may aim to attain performance stability and limit risks (He and Wong, 2004; Raisch and Birkinshaw, 2008; Parida et al., 2016) . Because the aforementioned gender differences in caregiving and play have been verified, studying entrepreneurship as a bonding process may enrich our understanding of why women entrepreneurs are less inclined to grow their businesses (Orser and Hogarth-Scott, 2002; Fairlie and Robb, 2009; Autio and Pathak, 2010) . Although recent research has argued that gender differences in motives for entrepreneurship is a myth and that the basis for expecting psychological differences in attachment is limited (Malmström et al., 2017) , this could start a new dialogue and lead to new types of empirical findings in entrepreneurship research into gender, regardless of what subsequent studies find. Second, it would be worthwhile to gather performance data on ventures to examine whether activations in neural regions during fMRI scans help predict venture success. For example, in settings such as that of the current study, data could be gathered to explore the impact of the significant activations associated with the affective bond, intimacy, and self-confidence on venture performance in terms of survival, profitability, and growth. A follow-up period of five years or more would reveal whether our assumptions regarding the implications of our results are empirically supported.
Finally, future research could compare affective bonds in varying segments of the entrepreneur population, including entrepreneurs in family businesses, opportunity-driven entrepreneurs, and necessity-driven entrepreneurs (Baptista et al., 2014) . The bond to the venture might be even stronger for family business entrepreneurs than for other groups because the values and traditions of their ventures are even more congruent with and salient to their self-identities (Shepherd and Haynie, 2009b) .
